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摘  要 : 多重 PCR (Multiplex polymerase chain reaction，MPCR) 是指通过一次 PCR 反应同时对多个靶标进行扩
增，结合一定的检测手段对扩增产物进行检测从而实现对多个靶标进行诊断的技术。MPCR 具有高效率、高通量、
低成本的特性而被深入研究。目前 MPCR 技术已被广泛应用于科学研究和疾病诊断等领域，文中从 MPCR 扩增
与检测两方面概述了 MPCR 技术发展及其应用，讨论了 MPCR 技术的优点及存在的问题，并且提出将反应体系
分隔成小液滴或结合管式对流 PCR (Capillary convective PCR，CCPCR) 技术的方式有望提高固相载体表面的扩
增效率，从而开发出扩增效率高、一致性好、体系稳定、检测重数高的多重 PCR 技术。 
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Abstract:  Multiple PCR (Multiplex polymerase chain reaction, MPCR) is a technology to simultaneously amplify multiple 
targets through a single reaction and to detect the amplification products by reliable detection means so as to realize the 
diagnosis of multiple targets. MPCR has been well studied for its high efficiency, high throughput and low cost. At present, 
MPCR has been widely used in scientific research, disease diagnosis and other fields. Here, we summarize the development 
and application of MPCR from amplification and detection, and discuss the advantages and existing problems of MPCR. We 
propose that separate the reaction mixture into droplets or combined MPCR with the capillary convective PCR is expect to 
further improve the amplification efficiency of the surface of the solid phase carrier, so as to provide reference for the 
development of multiple PCR with high amplification efficiency, good consistency, good stability and multiplex detection. 
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1  多重荧光定量 PCR 技术 
1.1  基于荧光探针的多重 PCR 技术 
多重荧光定量 PCR (Multiple fluorescence 
quantitative PCR)技术是在荧光定量 PCR 技术的
基础上，利用几种不同荧光基团的组合，结合仪
器对不同通道荧光的检测能力实现对多个靶标的
实时定量检测。TaqMan 水解探针  (Hydrolysis 






等[7]以 TaqMan 探针为基础，成功构建了两重 PCR
扩增和检测体系，Zhang 等[8]通过单管逆转录反应
成功地实现了对肠病毒 71 型 (EV71)、柯萨奇病
毒 A16 (CA16) 以及总肠道病毒 (EVs) 的三重检
测。分子信标 (Molecular beacon) 是多重 PCR 体
系中另一种常用的探针，基于荧光共振能量转移 

























图 1  荧光基本元素之间的相互组合  












利用多色组合探针编码技术  (MCPC) 实现了
对 8 种食源性病原菌的鉴定以及通过 4 色组合探针
编码技术实现了对 15 种不同型别的 HPV 病毒进
行分型[11-12]。 
1.3  基于荧光染料的多重 PCR 技术 
非特异性的荧光染料嵌入到 DNA 双链小沟
中后，在特定的激发光激发后将会产生一定波长
的荧光。以此为基础发展了熔解曲线  (Melting 
curve) 分析法，利用不同 DNA 序列具有不同 Tm 


















图 2  多重熔解曲线  








1.4  基于荧光探针熔解曲线的多重 PCR 技术 
由于荧光基团本身发射的不是单一波长的荧
光，而且 PCR 仪对不同荧光基团发射的荧光信号的




















HPV 的分型以及实现了对 48 种人类单核苷酸多
态性的分型和分析。 



































绝对定量。Jackson 等[29]利用液滴式数字 PCR 成





















图 3  基于微流控的多重 PCR[21] 
Fig. 3  MPCR based on microfluidic[21]. 
 
 






3  基于固相载体的多重 PCR 技术 
3.1  基于膜层析的多重检测技术 





























3.2  基于 Luminex 液相芯片的多重检测技术 
液相芯片技术 (Liquid chip technology) 被称
为后基因组时代的芯片技术，也被称为 xMAP 技
术。它可以同时对 1 份标本中的 100 种不同目的
分子进行检测，并能在 30 min 内检测 96 个不同
的样本。其液相微球编码原理为，将两种荧光染
















图 4  基于膜层析的多重检测[32] 
Fig. 4  Multiple detection based on Lateral Flow Assay[32]. 
 








图 5  基于 Luminex 液相芯片的多重检测技术[38] 
Fig. 5  Multiple detection based on Luminex liquid chip[38]. 
 
液相芯片技术实现了对沙门氏菌和其他病原菌的
检测和鉴定。Rajeswari 等[40]利用 Luminex 液相芯
片技术和液滴生成技术成功地实现了对禽流感病
毒、传染性猴气管炎病毒和空肠弯曲菌的检测和





































表 1  影响 MPCR 扩增与检测效果的主要因素 
Table 1  The main factors affecting MPCR amplification and detection effect 
Technology Amplification Detection 
MPCR based on 
PCR instrument 
Single-tube amplification, the system with high 
amplification efficiency tends to inhibit the 
amplification of other systems; 
After increasing the multiplicity, it is easy to be 
interfered by the primer dimers. 
The number of detection channels of 
instrument is correlated with its discrimination 
of different fluorescence signals. 
MPCR based on 
microfluidic 
The probability of low template concentration 
distributed into micropores with specific primers 
was reduced, which easily led to false negative 
results; 
The effective amplification is relative to ramp rate 
of instrument, chip heat transfer efficiency and chip 
materials. 
Multiplex detection requires high precision, 
miniaturized instrument, which is difficult to 
achieve. 
MPCR based on 
solid phase vector 
The immobilization of primers reduces the 
probability to bind to template 
Specific detection of products in different solid 
- phase carrier surface in a single - tube is 
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